A ortic coarctation is a common abnormality comprising about 6% of congenital heart diseases. The narrowing of the aorta and consequent increased peak systolic stress is a potent stimulus for the development of left ventricular (LV) hypertrophy before repair. Clinically, however, the degree of hypertrophy and the progression to dilation and failure is variable. The extent of remodelling after successful repair is also difficult to predict, and persistence of hypertrophy has been demonstrated. Angiotensin converting enzyme (ACE) is responsible for the hydrolisation of angiotensin I into angiotensin II, which is the principal circulating hormone of the renin-angiotensin system. It was shown that angiotensin II stimulates myocardial growth by a direct effect on cardiac myocytes (increasing the fractional rate of protein synthesis), and also by indirect effects (increasing total peripheral vascular resistance). A single polymorphism of the ACE gene is described as follows: the insertion/larger allele, I, and the deletion/shorter allele, D, as well as a heterozygous form, ID, were located in intron 16 of chromosome 17q23. DD was associated with an increased plasma ACE activity and a high concentration of plasma angiotensin II.
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1 ACE gene polymorphism has been implicated in the pathogenesis of various cardiovascular diseases. DD has been associated with LV hypertrophy, ischaemic and idiopathic cardiomyopathy, and an increased risk of sudden death in hypertrophic cardiomyopathy. 1 2 This association between increased LV mass and ACE gene polymorphism might be expected to modify the responses to congenital abnormalities, but to date no data are available. This study examines the relation between polymorphism of the ACE gene and LV remodelling in children after successful repair of aortic coarctation.
METHODS
Data were collected from two centres, Royal Brompton Hospital & Harefield NHS Trust, London, UK and Royal Children's Hospital, Melbourne, Australia. The inclusion criteria were as follows: children with isolated aortic coarctation, who were operated on during the first year of life, with no previous re-intervention, no signs of recoarctation (Doppler or arm/leg gradient , 20 mm Hg at rest) and no resting hypertension. Children with bicuspid aortic valve without aortic valve stenosis (peak gradient , 10 mm Hg by Doppler) were included. Ethical approval and informed consents were obtained.
Bio samples were obtained either from 1 ml of peripheral blood using a Nucleon kit (Nucleon Biosciences) or from buccal swabs using a MasterAmp buccal swab DNA extraction kit (Epicentre Technologies). The genotype for each sample of ACE gene was determined by polymerase chain reaction (PCR). The polymorphism is the presence or absence of a 300 base pair DNA fragment. PCR detects a 190 base pair fragment (deletion), and a 490 base pair (insertion). PCR products were separated by electrophoresis and visualised by ethidium bromide staining.
Measurements of the echocardiographic parameters interventricular septum in diastole (IVSd), posterior wall in diastole (PWd), and left ventricle in diastole (LVd), were determined according to the American Society of Echocardiography (ASE) convention. 3 Each measurement was repeated three times and the average was used. Absolute diastolic mass was calculated using three different methods, the ASE, 4 the adjusted ASE, 5 and the ellipsoid relationship. 6 The values were indexed by body surface area (BSA), BSA 1.5 , and height 2.7 .
5 Unpaired Student's t test and a bimodal distribution were applied. Analysis of the three ACE genotypes was carried out as follows: II v DD; II v ID, and II v ID + DD. A probability value of p ( 0.05 was considered significant.
RESULTS
Forty five patients (28 males) were enrolled in the study. Mean (SD) age at operation was 2.25 (3.25) months. Twenty five patients (56%) had their operation within the neonatal period. Body weight at the time of surgery was 5 (2) kg; BSA was 0.24 (0.08) m 2 . Subclavian flap repair was performed in 36 patients (80%); end to end anastomosis was performed in the remainder. Mean age at follow up was 7 (5) years. Mean follow up time was 7 (5.2) years.
Patients were grouped according to their ACE genotype. The genetic distribution was as follows: 14 patients had the II genotype (31%), 22 patients had the ID genotype (49%), and nine patients had the DD genotype (20%). Table 1 shows the results for diastolic ventricular mass (according to the three methods) adjusted for BSA, BSA 1.5 , and height 2.7 . DD genotype was associated with increased ventricular mass when compared with II genotype. There was no difference between II and ID. However, when the II group was compared with all those with D insertion (ID + DD), the LV mass adjusted by BSA was significantly increased.
DISCUSSION
This study shows a relation between genotype and LV phenotype in the setting of congenital heart disease. We have shown that the genotype significantly affects LV mass in patients after an uncomplicated repair of aortic coarctation. Postoperatively, no patient had important residual obstruction or associated lesions and none were receiving medication for resting hypertension. In these patients the possession of the D allele, particularly DD, was associated with increased LV mass. We chose to assess LV mass using multiple algorithms because of the lack of acceptance of individual methods. Despite different techniques, there was broad agreement between them, substantiating the presence of an important LV hypertrophic response. The importance of our findings lies in the potential influence of ACE genotype on adverse cardiovascular events.
Whether this represents failure of regression of a previous hypertrophic response or reflects an abnormal hypertrophic response in the setting of chronically abnormal haemodynamics, cannot be answered by our data. Most evidence would favour the latter. Despite adequate repair, endothelial function in the upper body is abnormal, and our own recent data suggest a persistently increased arterial stiffness in teenagers and adults. 7 ACE genotype seems to influence the incidence of cardiac events independent of structural abnormalities (for example, cardiomyopathies). 1 2 The combination of adverse ACE genotype and a haemodynamic stimulus may amplify these adverse effects. While speculative, knowledge of ACE genotype may identify or help to refine risk stratification in those at risk from long term cardiovascular morbidity. Furthermore, knowledge of genotype may increase understanding of the need for, and response to, treatment of resting, exercise or ambulatory hypertension, the management of which remains controversial in these patients.
In summary, this is the first study to demonstrate the influence of ACE genotype on ventricular phenotype in patients with congenital heart disease. Possession of the D allele, both in heterozygotes, but particularly homozygotes, predicts increased LV mass after successful repair of aortic coarctation. This may have important implications for the long term cardiovascular mortality in these patients. ) and height (cm). *Denotes significance; all data are expressed as mean (SD).
